The aim of the study was to determine the impact of caponisation of Polbar (Pb) and Greenleg Partridge (Zk) breeds on the production performance, carcass composition, and the nutrient content and fatty acid profile in the breast and thigh muscles and abdominal fat. From 18 weeks of age to the end of the experiment, the Zk capons were significantly heavier than the cocks. The Zk capons had higher (p≤0.05) weight and share of breast and leg muscles. At 24 weeks of age, we noted an increase in the total content of n-3 PUFA and linolenic acid C 18:3 in the breast muscles of the Zk and Pb capons. The content of PUFA and n-3 PUFA in thigh muscles and the n6/n3 ratio were reduced in the Pb capons at 24 weeks of age, compared with the Zk cocks. Caponisation of the Pb cocks had a beneficial effect on the final body weight, feed intake, and slaughter characteristics, in comparison with the noncaponised birds of this breed. A tendency towards an increased total share of PUFA and MUFA, a significantly higher content of n-3 PUFA, and a lower (p≤0.05) n-6/n-3 ratio were found for the breast muscles of the Pb capons. Both breeds are a good material for production of capons. The meat of the capons of both breeds exhibited a beneficial, higher PUFA/SFA ratio, higher n-3 PUFA and MUFA content, and a more favourable n-6/n-3 ratio.
ABStRACt
The aim of the study was to determine the impact of caponisation of Polbar (Pb) and Greenleg Partridge (Zk) breeds on the production performance, carcass composition, and the nutrient content and fatty acid profile in the breast and thigh muscles and abdominal fat. From 18 weeks of age to the end of the experiment, the Zk capons were significantly heavier than the cocks. The Zk capons had higher (p≤0.05) weight and share of breast and leg muscles. At 24 weeks of age, we noted an increase in the total content of n-3 PUFA and linolenic acid C 18:3 in the breast muscles of the Zk and Pb capons. The content of PUFA and n-3 PUFA in thigh muscles and the n6/n3 ratio were reduced in the Pb capons at 24 weeks of age, compared with the Zk cocks. Caponisation of the Pb cocks had a beneficial effect on the final body weight, feed intake, and slaughter characteristics, in comparison with the noncaponised birds of this breed. A tendency towards an increased total share of PUFA and MUFA, a significantly higher content of n-3 PUFA, and a lower (p≤0.05) n-6/n-3 ratio were found for the breast muscles of the Pb capons. Both breeds are a good material for production of capons. The meat of the capons of both breeds exhibited a beneficial, higher PUFA/SFA ratio, higher n-3 PUFA and MUFA content, and a more favourable n-6/n-3 ratio.
INtRODUCtION
The increasing intensification of poultry production and breeding excludes the use of native chicken lines due to their poor performance (Połtowicz & Doktor, 2012) . Despite their poor performance, native lines exhibit a number of distinct production, functional, and phenotypic traits, e.g. taste and nutritional values of eggs and meat. These traits have been preserved in pure lines, which have not been selected over many generations due to the implementation of programs of conservation of genetic resources. In Poland, the genetic potential is based on pure lines of Greenleg Partridge, Yellowleg Partridge, Polbar, Sussex, Rhode Island Red, Barred Rock, and New Hampshire breeds. They can be used as a source of meat or material for production of slow-growing broiler chicken hybrids (Sokołowicz et al., 2016) . Besides their unique genetic profile, native breeds are a source of unique quantitative and qualitative traits, which cannot be found in high-performance breeds (Krawczyk et al., 2011) . Given the consumers' preferences for meat with low fat content and an agreeable flavour and odour (Van Loo et al., 2010; Walley et al., 2015; Sokołowicz et al., 2016) , an interesting alternative in poultry production based on native breed flocks is the tradition of caponisation (Calik, 2014; Kwiecień et al., 2015; Franco et al., 2016; Calik et al., 2017 ). An additional advantage of this procedure is the use of superfluous numbers of cocks among birds that are intended for rearing. In Italy, France, China, and the United States, capons are sold as high-quality products . The meat of the native Greenleg Partridge breed contains less fat and cholesterol and is more delicate, juicy, and tender than the meat of non-castrated cocks Calik et al., 2015; Guo et al., 2015) .
Removal of cocks' tests results in deficient production of androgens, which is reflected in a smaller size of the comb and wattle, a decreased level of aggressiveness (Chen et al., 2007) , and reduced sexual drive (Chen et al., 2006) . In turn, the energy retained contributes to increased efficiency of feed conversion into growth (Rikimaru et al., 2009; Volk et al., 2011) , fat deposition, and improved quality of meat (Volk et al., 2011; Calik et al., 2015; Kwiecień et al., 2015; Zawadzka et al., 2016) .
The use of the native Zk breed for production of capons has been investigated by few researchers (Calik et al. 2015; Kwiecień et al., 2015; Adamski et al., 2016; Zawadzka et al., 2016; Gesek et al., 2017) . As indicated in a study conducted by , Zk capons exhibited a beneficial weight gain of the breast muscle, increased content of fat (abdominal, intramuscular), and favourable changes in thigh muscles, i.e. an increase in the total content of MUFA and PUFA as well as PUFA n-6 . The results reported by Calik et al. (2015) and Zawadzka et al. (2016) demonstrate that Zk capons are characterised by higher body weight, dressing percentage, and share of breast and thigh muscles, stomach, and abdominal fat. Another native breed that can be used for production of capons and, simultaneously, high-quality poultry meat is the Polbar (Pb) breed (Gryzińska et al., 2014) . The result of caponisation of Pb cocks is interesting, since this is a synthetic breed originating from crossing of the Greenleg Partridge breed with cocks of the heavy breed Barred Plymouth Rock (Muszyński et al., 2017) .
The objective of the study was to determine the effect of caponisation of the Pb and Zk breeds on the production performance, carcass composition, nutrient content, and fatty acid profile in muscles and abdominal fat.
MAtERIAL AND MEtHODS

Bird management and experimental design
All procedures applied in the research were approved by the Local Ethics Committee on Animal Experimentation of the University of Life Sciences in Lublin, Poland (No. 33/2013; 16 April 2013) . The study material comprised Greenleg Partridge cocks from the Zk line and Polbar cocks from the Pb line reared at the University of Life Sciences in Lublin. The experiment was conducted on 200 Zk and 200 Pb cocks, which were individually weighed, labelled, and randomly assigned to the groups. 8-week-old birds weighing over 600 g underwent the castration procedure carried out by a veterinary doctor and his assistant, as described in detail by Tomaszewska et al. (2016) . Afterwards, the cocks were divided into two groups as described above (capons and non-castrated cocks). At 8 weeks, the chickens of each breed were assigned to a control group (50 birds in 10 pens with 5 birds in each) and a caponised experimental group (50 birds in 10 pens with 5 birds in each). The birds were reared to 24 weeks of age in a litter system with controlled temperature and humidity.
Throughout the experimental period, all caponised and non-caponised cocks of both breeds were fed ad libitum with standard complete diets for multi-purpose hens corresponding to the periods of rearing, i.e. from 1 to 8 weeks of age, from 8 to 18 weeks of age, and above 18 weeks of age. The diets were based on corn, wheat, and oat middlings as wellpost-extraction soybean meal and sunflower seeds. The composition and nutritive value of the diets are presented in Table 1 .
Sampling and measurements
Between 6 and 24 weeks of age, the birds were weighed individually every 2 weeks, the collective feed intake was assessed, and the birds' health status was analysed. After the rearing period, i.e. at 24 weeks of age, 10 birds with body weight corresponding to the mean value were selected from each group. Ten hours before the slaughter (Council Regulation (EC) No. 1099 /2009 24 September 2009) , the selected birds were given no feed but were provided with unlimited access to water. The birds were slaughtered by decapitation after mechanical stunning. Next, the carcasses were subjected to simplified dissection analysis (Ziołecki & Doruchowski, 1989) and livers, hearts, stomachs, breast and leg muscles, femora, tibias, andabdominal fat were collected. The individual carcass elements were weighed, which allowed determination of their percentage share in the chilled carcass weight, packed into labelled plastic bags, and frozen (at -25 °C) until analysis.
Feed analyses
The chemical composition of the breast and thigh muscles sampled from each group was analysed by determination of the content of dry matter, total protein, and crude ash using the AOAC method (2000) .
Qualitative composition of fatty acids muscles and abdominal fat
The qualitative composition of fatty acids was analysed in ten 24-week-old birds from each group. Gas chromatography was performed in a Varian CP-3800 GC-FID apparatus (Varian, Netherlands) using Supelco 37 FAME Mix 47885-U standards (Sigma, UK) to determine the content and identify fatty acids in the feed mixtures, breast and thigh muscles, and abdominal fat after previous extraction of fat with Folch's method in a Velp SER apparatus (Velp, Italy) (Winiarska-Mieczan & Kwiecień, 2015) . The characteristic of the capillary column were as follows: type CP WAX 52CB, DF 0.25 mm x 60 mm, flow rate of gas (helium) carrier-1.4 ml/ min, column temperature 120 ºC gradually increasing by 2 ºC/min up to 210 ºC, determination time 120 min, detector FID temperature 260 ºC, other gaseshydrogen and oxygen. Fatty acids were expressed as a percentage of total fatty acids and grouped into saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA). The atherogenic (AI) and thrombogenic (TI) indices (Ulbricht & Southgate, 1991) and hypocholesterolemic/ hypercholesterolemic ratio (h/H) (Fernández et al., 2007) were calculated as follows: AI = (C12:0 + 4 x C14:0 + C16:0) / [∑MUFA +∑(n-6) + ∑(n-3)] TI = (C14:0 + C16:0 + C18:0) / [(0.5 x ∑MUFA + 0.5 x ∑(n-6) + 3 x ∑(n-3)) + (∑(n-3)/ ∑(n-6))] h/H = (C18:1 n-9 + C18:2 n-6 + C20:4 n-6 + C18:3 n-3 + C20:5 n-3 + C22:5 n-3+ C22:6 n-3) / (C14:0 + C16:0)
Statistical analysis
The mean body weight values, weight gain, slaughter characteristics, basic chemical composition of muscles, and fatty acid profiles were analysed with a two-way analysis of variance with interaction (GLM), and the significance of differences between the means in the analysed groups was determined with Tukey's test at P≤0.05 (Model 1). A two-way analysis of variance was used to assess the effect of the breed and caponisation on the analysed traits. One-way analysis of variance was only used in the case of the assessment of the fatty acid profile in the abdominal fat, where the effect of the breed was examined (Model 2). Statistical SAS software was applied (version 9.4 SAS Institute Inc. Cary, NC). The following models were used:
Model 1: y ijk = µ + α i + β j + (αβ) ij + e ijk where: y ijk -k th observation from the i th and j th groups, µ − mean value of the trait in the population, α i − effect of the i th group, β j − effect of the j th group, e ijk -error = effect related to individual variability and measurement error, (αβ) ij -effect of the interactions between the factors.
Model 2: y ijk = µ + α i + e ijk gdzie: y ijk -k th observation from the i th and j th groups, µ − mean value of the trait in the population, α i − effect of the i th group, e ijk -error = effect related to individual variability and measurement error. 
RESULtS
Growth performance
The caponisation procedure induced changes in the appearance and behaviour of the capons in both breeds. The capon cocks became less aggressive and quieter, they stopped crowing, and their combs and wattles were light yellow.
No differences in the body weight were found between the capons and non-caponised cocks in the Zk breed before 18 weeks of age (Table 2 ). At 10 weeks of age, the Pb capons had lower body weight than the cocks. Between 18 and 24 weeks of age, the Zk capons were significantly heavier than the cocks. In the Pb group, significantly higher body weight of the capons than that of the cocks was noted at 24 weeks of age.
After caponisation (week 8-10), a lower weight gain was noted in the capon groups (Table 2 ). In the subsequent rearing periods, there was a reverse tendency in favour of the capons. Between weeks 18-20 and 22-24, significantly higher weight gains were noted in the capons than in the cocks in both breeds. At weeks 20-22, the Pb and Zk cocks achieved the lowest and the highest weight gains, respectively, and the difference between them reached 410%. The body weight of the Zk cocks declined between week 18 and 20, while the Pb cocks exhibited the lowest weight gain between week 20 and 22, which may have been associated with establishment of a hierarchy in the flocks of the sexually maturing males. The aim of the study was not the observation of birds' behaviour, however during routine controls of all the groups, increased aggression against each other was noted in the groups of roosters, who were fully hormonally active, while no aversive behaviour in capons was observed, irrespective of the breed. During the last 2 weeks prior to the slaughter, the highest weight gain values were noted in the Pb capons and the lowest in the intact Zk cocks. The mean daily weight gain over the rearing period (weeks 8-24) was higher in the capons of both breeds than in the non-caponised cocks, with significant differences noted only in the Zk group. During weeks 12-14, the highest feed intake was observed in the non-caponised Pb cocks, in comparison with the other groups (Table 3) . This was similar between weeks 16 and 18; in turn, between 18 and 20 weeks of rearing, the non-caponised Zk cocks exhibited the lowest feed intake rates. In the last period 
Slaughter analysis of carcasses and organ weight
Significantly higher values of skin with subcutaneous fat were observed in the capons of both breeds than in the non-caponised cocks (Table 4 ). The slaughter analysis revealed that the capons were heavier than the cocks within the same breed, but the difference was statistically significant only in the Pb breed (Table 4) . Caponisation did not have an impact on chilled carcass weight. Consequently, the cocks within the breeds were characterised by a higher dressing percentage than that of the capons, and this correlation was confirmed in the Zk breed. The caponisation surgery contributed to reduction of the weight and share of 
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the heart and to an increase in the weight and share of abdominal fat in the carcasses of both breeds (p≤0.05). The lowest weight of the liver and stomach was noted in the Zk cocks. The Zk capons were characterised by a higher (p≤0.05) share and weight of breast muscles, while the cocks of this breed exhibited the highest share of leg muscles. A higher share of bones was noted in the non-caponised Zk cocks, i.e. by 13.9% and 15.7% in comparison with the capons of both breeds, respectively.
Chemical composition and fatty acid profile in muscles and abdominal fat
Caponisation had an effect on the chemical composition of breast and thigh muscles in both breeds.
In comparison with the other groups, the lowest dry matter and crude protein contents in breast muscles and crude fat in thigh muscles were determined in the non-caponised Zk cocks (Table 5) . A significantly higher level of crude ash (by 5.5%) was found in the breast muscles of the Zk capons, in comparison with the cocks of this breed. The content of crude fat in the breast muscles of the Zk cocks was by 152.5% and 165% lower (p≤0.05) than that in the capons of this breed and non-caponised Pb cocks, respectively. In turn, significantly lower dry matter content was noted in the thigh muscles of the non-caponised Zk cocks than in the capons of this breed and Pb cocks.
At 24 weeks of age, higher contents of PUFA n-3 and linolenic acid C 18:3 were noted in the breast muscles of the Zk and Pb capons and a higher n-6/n-3 ratio was calculated for the cocks of both breeds (Table  6 ). Furthermore, there was an increase in the total content of saturated fatty acids (SFA) in the Pb breed (cocks and capons), in comparison with the Zk breed. A similar tendency was observed for lauric (C 12:0 ) and palmitic (C 16:0 ) acids. Anapprox. 19% higher level of pentadecanoic acid (C 15:0 ) was found in the Zk capons, in comparison with the Zk and Pb cocks. In turn, the content of myristic acid (C 14:0 ) in the breast muscles of the Pb capons was significantly higher, i.e. by 30.1% and 40.0%, respectively, than that in the muscles of the Zk capons and cocks. This difference between the cocks of both breeds reached 28.6%. Regardless of the caponisation procedure, a higher AI value in the breast muscle was noted in the Pb breed, and a higher h/H ratio was obtained for the Zk breed (Table 7) . There was a statistically significant difference (21.3%) in the TI values for the breast muscles between the Zk capons and Pb cocks.
There was an impact of caponisation (p≤0.05) on the total content of monounsaturated fatty acids (MUFA) in the thigh muscles (Table 6) . A significant increase in the content of oleic acid (C 18:1 ) was observed in the capons of both breeds. The caponisation procedure contributed to a reduced level of polyunsaturated fatty acids PUFA and PUFA n-3 as well as a lower n-6/n-3 ratio in the Pb capons, in comparison with the Zk cocks. A significant decrease in the content of eicosadienoic (C 20:2 ) and arachidoneic (C 20:4 ) acids was observed in the capons of both breeds, in comparison with the level noted in the cock groups. The AI ratio in the Zk cocks was by 29.4 % and 21.9% lower (P≤0.05) than that in the caponised and non-caponised Pb birds, respectively. In turn, the h/H ratio in the Zk cocks was significantly higher than in the other experimental groups (Table  7) . Caponisation of the Pb cocks had a significant effect on the total content of saturated fatty acids (SFA), in comparison with the non-caponised Zk birds. (Table 8) . Compared with the Zk capons, the abdominal fat of the caponised Pb cocks was characterised by a higher level of eicosadienoic and linolenic acids and lower content of oleic acid. The caponised Pb cocks exhibited a significantly higher proportion of SFA in the total content of fatty acids, which was by 11.9% higher than that in the Zk capons. In turn, the proportion of MUFA and UFA in the total fatty acids in the Zk capons was by 4.8% and 2.19% higher, respectively, in comparison with the Pb capons. The latter birds, compared with the Zk capons, exhibited significantly higher (by ca. 20%) levels of PUFA n-3 by 12.8% and 13.1% and higher values of AI and TI, respectively. In turn, higher (p≤0.05) PUFA/SFA and n-6/n-3 ratios and a 10.3% higher h/H ratio were calculated for the abdominal fat of the Zk capons, in comparison with the Pb caponised cocks.
DISCUSSION
The results of the present study show that the caponisation surgery had a significant effect on the final body weight of the birds. At week 24 of the experiment, the capons of both breeds exhibited higher body weight, i.e. by 215 g in Zk and by 169 g in Pb, in comparison with the weight of the noncaponised cocks. It was found that the lower mobility of the caponised birds resulted in an increase in the body weight, in particular from week 20 of rearing. It should be noted that, immediately after caponisation, the Pb capons had lower body weight than the Pb cocks (week 10, 12, 14) , which was not observed in the Zk capons. This may have been related to the postoperative stress induced by the caponisation surgery. In the subsequent periods of rearing, the caponised cocks exhibited greater weight gains and reached higher body weight than the non-caponised birds on day 168. Furthermore, in the period between the caponisation surgery and week 24, there was a tendency towards higher feed intake in the Zk cocks than in the Zk capons, whereas a reverse trend was noted in the case of the Pb birds.
Many studies have demonstrated ambiguous effects of caponisation on birds' growth, and the results of such investigations are contradictory (Miguel et al., 2008; Shao et al., 2009; Symeon et al., 2010) . It can therefore be assumed that the impact of caponisation on body weight depends on many factors, e.g. age at -mean values in rows with different letters differ significantly at p<0.05.
1 -n-6/n-3 is in the PUFA n-6/PUFA n-3 ratio.
2 -AI -Atherogenic Index.
3 -TI -Thrombogenic Index 4 -h/H -Hypocholesterolemic/hypercholesterolemic ratio. caponisation, age at slaughter, breed, susceptibility to stress, and interactions between the factors. In principle, reduced locomotor activity of caponised birds contributes to a higher feed conversion rate, which is associated with greater body weight gains and deposition of abdominal and intramuscular fat, leading to improved quality of meat (Jacob & Mather, 2000) . Lower dressing percentage values were noted in the capons of both breeds in comparison with the Zk cocks. There are divergent results concerning the dressing percentage presented in various studies (Miguel et al., 2008; Symeon et al., 2012; Guo et al., 2015) , which is probably related to the differences between breeds used for caponisation. In the present study, we report an effect of caponisation on the weight gain and share of breast muscles in the Zk capons, which is in agreement with results of previous studies of this breed (Calik et al., 2015; .
Caponised birds have greater weight of internal organs, in particular that of the liver, as indicated in this study, as well as the stomach and intestines (Calik et al. 2015) . A reverse tendency was reported by Miguel et al. (2008) and Symeon et al. (2012) . The significant difference in the liver weight may result from the fact that this organ is the primary site of de novo synthesis of fatty acids in birds, and liver increment in heavy breeds is caused by enhanced lipogenesis processes (Chen et al., 2007) . The caponisation procedure resulted in an increase in the weight and share of abdominal fat, which may have been caused by the reduction of the testosterone level; this led to enhancement of lipogenesis processes and accumulation of fat in the organism (Chen et al., 2005) . The level of testosterone is negatively correlated with adiposity (Chen et al., 2006) . The increase in the amount of fat tissue and intramuscular fat, which is dependent on the capons' breed and age at slaughter, improves the flavour values of meat (Chen et al., 2006; Sinanoglou et al., 2011; Volk et al., 2011) . This is important to consumers, who seek products that are more attractive than the common poultry foods.
The quality and chemical composition of poultry meat produced in an intensive breeding system depends largely on the genotype (Sirri et al., 2010) , but also on the locomotor activity, possibility of feeding, and age at slaughter (Bogosavljević-Bošković et al., 2010) . An important parameter influencing the quality of meat is the farming system . As suggested by Bancos (2010) , organic production, which can contribute to the improvement of the sensory properties of meat, is a better alternative to intensive farming. The protein content in the breast and thigh muscles of the capons and non-caponised cocks of both breeds was similar to that reported by other authors (Sirri et al., 2011) . There were differences in the content of dry matter and total protein in the breast muscles, i.e. the capons of both breeds were characterised by a higher percentage content of these nutrients than the Zk cocks but did not differ in the levels of these components from the Pb cocks. A similar tendency was observed for the crude fat content in the thigh muscles, whereas higher amounts of this -mean values in rows with different letters differ significantly at p<0.05.
3 -TI -Thrombogenic Index.
4 -h/H -Hypocholesterolemic/hypercholesterolemic ratio.
*The fatty acid composition is shown only in the capons, as there is no abdominal fat in cock carcass (Table 4 ).
